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The rheology of smectic liquid crystals or lyotropic lamellar phases is a long standing prob-
lem (1). Although several aspects may affect their rheological properties， various experiments 
suggest that defects such as dislocations or disclinations play an important role. Here we present 
a theoretical and experimental study on the nonlinear rheology of a lyotropic lamellar ph鎚 eun-
der weak shear. Our interest is to find out the physical mechanism which underlies the universal 
rheological behavior of 1D layered structures. 
We first suggest that under an applied shear， the layers tilt due to the motion of disloca-
tions caused by the Peach-Koehler force. Subsequent tilt and dilation leads to an undulation 
instability of the layers， which results in the creation of dislocation loops. Next we estimate the 
averaged density and size of dislocation loops as a function of the applied shear rate. For this 
purpose， we assume that the dislocation loops cause energy dissipation from the viscous force 
acting on edges. We predict a scaling relation between the shear rateすandthe stress σsuch 
that 
???? ? ?? m=3/2 
where μe is the edge climb mobility and B is the layer compression modulus. Hence the rheology 
response is a shear thinning behavior. Notice that this scaling differers from that by Meyer et 
αl. (2). 
The above prediction has been checked with the use of a binary system consisting of nonionic 




For example， whenゆ=35 wto/c lamellar phase with di百'erentcomposition and temperature. 
and T = 339 K， the exponent was found to be m = 1.44土0.08as shown in Fig.1. This is in 
good agreement with our theory. The effects of changing the composition and temperature will 
be discussed. Interestingly， we also found that the measured shear rate oscillates as a function 
of time. We show that its characteristic frequency is proportional to the averaged shear rate. 
This result may reflect our picture that the production rate of the dislocation loops increases 
linearly with the shear rate. Our findings will be compared with other experimental results as 







Figure 1: Measured shear rate部 afunction of applied stress in the lamellar phase of C12E5jwater 
binary system. The composition and the temperature are ゆ=35 wt% and T = 339 K， respec-
tively. The solid line has a slope 1.44土0.08.
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